(Received for publication, May 20, 1929) It is well known that fresh milk or milk heated at 58 ° or 60°C. for 20 minutes will inhibit the growth of a variety of organisms, while when milk is heated at a temperature of 80°C. or more the inhibitory principle is destroyed. That different streptococci behave differently when introduced into the same milk is brought out by the following observation: The growth of the nonhemolytic mastitis streptococcus is inhibited during the first 6 or 8 hours following inoculation and then growth begins and continues rapidly; but scarlet fever streptococci implanted in portions of the same milk gradually diminish in numbers until the milk finally becomes sterile. Both organisms grow readily in milk that has been boiled for 5 minutes.
It appeared to us that a more careful study of the end of the lag phase and the beginning of growth in the case of the mastitis streptococcus might throw some light on the relation between the inhibiting agent and the implanted organisms and perhaps help to explain the mode of action of the inhibitory substance. With these points in view a series of experiments was undertaken.
Experimental
Milk was obtained principally from two cows. Care was taken to prevent contamination by drawing the milk directly from the cleansed udder into sterile bottles. It was chilled at once, freed of fat by centrifugati~n, heated at 58°C. for 20 minutes, and refrigerated until used. As a rule it was 2 or more days old when inoculated. The culture usually employed was the nov_hemolytic mastiffs streptococcus which had been kept on artificial media. Subcultures for inoculation were made in broth and used after incubation at 38°C. for 16 hours. Further details are recorded in the protocols.
• The effect of milk on the growth of the mastitis streptococcus is considered in Experiment 1. Experiment 1. Proportionate quantities of milk heated at 58°C. for 20 minutes or boiled for 5 minutes were inoculated with the diluted broth culture of the mastiffs streptococcus and incubated at 38°C. in a water bath. Portions were plated with 12 cc. of melted agar (veal infusion) immediately after inoculation and at intervals thereafter, and the colonies counted after 24 hours incubation at 38°C. Previous tests had shown that the lag period was relatively short in the sample which had first been boiled, so that platings were made at 15 minute intervals from the time of inoculation. The milk which had been heated at 58°C. was known to be inhibitory for this particular strain during the first 4 or 5 hours and it was only after 5 hours that frequent platings were made. The results are given in Table I and plotted in Fig. 1 . They are typical for this organism under these conditions. A similar experiment in which the intervals between platings were increased to 30 minutes showed substantially the same results, and the results have also been plotted in Fig. 1 .
It will be noted from the data submitted that in the milk heated at 58°C. for 20 minutes the organisms tend to decline slightly in numbers during the first 6 hours. This phase is followed by a 'sharp "break" in which the organisms begin to multiply at a rapid rate and continue to do so throughout the period of observation. In the boiled milk the lag does not last longer than the first hour after which rapid growth begins. Repeated experiments have regularly shown that the onset of growth is sudden in milk heated at 58°C.
Three explanations to account for the sudden onset of growth in the milk previously heated at 58°C. for 20 minutes presented themselves: (1) That the inhibitory substance is utilized at some time during the lag period with the result that the uninhibited organisms grow rapidly; (2) that a resistant form is present from the start but only slowly multiplies to an appreciable number; and (3) that at some time during the lag period a resistant form develops which is capable of rapid growth. The next three experiments were designed to test the importance of these factors. 
B Behavior of the Mastitis Streptococcus in Portions of A Removed at Various Times
Control portion reTime in 5t hr. portion,* boiled 6 hr. portion, J' 58"C. 6t hr. portion, ¶ $8"C. heated at 58"C. Experiment 2. Milk l~andled in the same manner as in Experiment ! was divided into two lots. One lot, for control purposes, was boiled before inoculation and plated at 2 hour intervals during incubation at 38°C. The other lot was heated at 58°C. for 20 minutes, and likewise inoculated when cooi. Portions of it were plated at 2 hour intervals for a time. The intervals were later decreased to i The first tube of inoculated milk, removed after 5~ hours incubation, was boiled 5 minutes; and the other two, removed at 6 and 6,1 hours, respectively, were heated at 58°C. for 20 minutes to kill the implanted streptococci. A fourth tube of milk handled in the same manner but uninoculated was incubated for 6 hours and reheated at 58°C. It served as an additional control. All four samples were kept in the refrigerator overnight and in the morning were reinoculated with the culture and incubated at 38°C. Portions were plated each hour. The data are given in Table II It will be noted that the samples removed from the inoculated milk after 6 and 6~ hours and then heated sufficiently to destroy the inoculated streptococci were still capable of producing considerable lag. It is evident that, though growth had taken place, the principle had been only slightly utilized. The contents of one of the control tubes inoculated and incubated for 5 ] hours and then boiled afforded a good culture medium from the first, whereas the action of the principle in the uninoculated milk had not been impaired either by incubation or repasteurization.
Since this experiment showed that the inhibitory substance had not been completely utilized, attention was turned to the possibility of an adaptation to the inhibitory substance on the part of the organism. The next two experiments furnished evidence compatible with the view that the organism adapts itself to the inhibitory principle. Experiment 3. 25 cc. of fresh milk which had been heated at 58°C. for 20 minutes, and 5 cc. of the same lot which had been boiled for 5 minutes were inoculated with proportionate quantities of mastiffs streptococci. Both tubes were incubated at 38°C. and portions plated at regular intervals. 5 cc. portions of the milk that had been heated at 58°C. were removed at 4½, 5½, 6½, and 7½ hours and centrifuged. The streptococci obtained from the sediment were mixed with 5 cc. of fresh milk previously heated at 58 °C. and again incubated. Care was taken not to chill the tubes during the process and the fresh milk was warmed to 38°C. before it was added. Portions of each series were plated at intervals. The results are given in Table Ill and Fig. 3 .
It will be seen from the data that the period of inhibition extended to about the 5th hour in the milk that had been first heated at 58°C., then the usual sharp break occurred and rapid growth ensued. The bacteria removed about one half hour before the lag phase ended failed to multiply during the first hour of exposure in fresh milk but grew rapidly thereafter. Thus in spite of the exposure to fresh milk the period of lag was about the same. On the other hand the organisms removed during the active growth phase (5½, 6!2, and 7½ hours after inoculation) all grew without lag in the fresh milk.
Experiment 4 shows that the streptococcus adapts itself to milk.
Experiment 4.
Milk previously heated at 58°C. for 20 minutes was distributed in sterile tubes as follows: 1 tube containing 5 cc., and 4 tubes each containing 4 cc. To the tube containing 5cc.,0.1 cc. of a 16 hour broth culture ofthemastititis streptococcus was added and a sample plated at once to determine the number of streptococci. The tube was then placed in the water bath at 38°C. At the end of 1½ hours, I cc. was removed and added to one of the tubes containing 4 cc. of milk. A portion of the contents of the original tube was plated as was the 16'55°'°°° mixture in the second tube. After incubation for another 1½ hours, 1 cc. of the second tube was added to 4 cc. of milk~ and plates were prepared as before. This procedure was repeated at the end of 4½ hours and 6 hours, so that the inoculated streptococci were regularly diluted and exposed to the action of fresh milk at intervals of 1½ hours. A control series was carried on in boiled milk. The plate cultures were always prepared with the same amount of fluid. With respect to the first tube the five tubes had dilutions of 0, 1:5, 1:25, 1:125, and 1:625 respectively. In order that the bacterial counts might be comparable the milk was diluted with sterile NaC1 solution before plating, as follows: 1:625, I:125, 1:25, I:5, and 0, respectively, thus making nil platings on a dilution of 1:625 of the mixture in the first tube.
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A. Adaptation of tke Mastitis Streptococcus to Frequently Added Milk
If B is the bacterial count per cc. and D is the dilution (1, 5, 25, etc.) , then BD/625 represents the count in each plate. These values are given in Table IV. In spite of the fact that the mastitis streptococcus was exposed to the action of fresh milk at intervals of 1½ hours it was able to establish itself and begin to grow. The procedure, however, had two recognizable effects: first, it increased the lag period from about 4 hours in the milk control tube to about 6 hours in the experimental series, and further, there was a gradual but consistent decline in the number of streptococci until growth began. When the same experiment was done with boiled milk the streptococci increased throughout and the addition of fresh portions of boiled milk failed to retard growth.
Aside from the fact that the mastitis streptococcus becomes adapted to the inhibitory effect of milk the results in Experiment 2 indicated that a small portion of the principle had been utilized during the early phase of active growth. Experiments earlier reported 1 have shown that when milk is heavily seeded with bacteria and incubated sufficiently long to insure multiplication the inhibitory effect disappears. The question arises as to whether the utilization can be considered an adsorption by the bacterial cells. Experiment 5 is designed to throw light on this phase of the problem. Experiment 5. Mixed milk from five cows was chilled and freed from fat and 15 cc. amounts placed in four sterile tubes. Two of the tubes were heated at 58°C. for 20 minutes. One tube served as control, and to the other were added scarlet fever streptococci from 500 cc. of 48 hour broth culture which had been heated at 60°C. for 20 minutes. The two other tubes were not heated until after incubation. To one of these the scarlet fever streptococci from 500 cc. of 48 hour broth culture were added. All four tubes were incubated 2 hours and refrigerated 18 hours. The second pair of tubes, which had not been heated, were then heated at 58'C. for 20 minutes. All four tubes were centrifuged and the supernatant fluid was distributed into small tubes and reinoculated with scarlet fever streptococci. The results are given in Table V. 1 Jones, F. S., and Little, R. B., J. Exp. Med., 1927, 45, 319. The experiment was also performed with large quantities of mastitis streptococci. In no case was the inhibitory substance appreciably removed by dead streptococci or by viable organisms, provided always that the tubes were not incubated sufficiently long to permit growth.
DISCUSSION
The experiments have shown that when mastitis streptococci are introduced in small numbers into milk previously heated at 58°C. for 20 minutes there is a lag in growth of 5 or 6 hours succeeded by an abrupt increase which cohltinues at a rapid rate (Fig. 1) . The experimeats further indicate that the inhibitory principle is not destroyed during this period since sufficient remains to inhibit the growth of a similar culture for about 4 hours (Fig. 2) . Furthermore had the substance been completely destroyed during the lag period the break in the curve would not have been as sharp.
The explanation that a resistant form is present from the start and requires a period of time to multiply to an appreciable number, can be immediately discarded from the shape of the curves in Fig. 1 . Here we have plotted the logarithms of the bacterial count against time of incubation. Milk previously heated at 58°C. is shown to produce a long lag, followed by a sharp break and rapid growth. The experiment was performed enough times and at intervals suffidently close for us to be certain of the abruptness of the change. Even if only one bacterium of a strain resistant to the inhibitory agent had been present at the time of inoculation, this one bacterium, if it multiplied at the rate shown to be typical of the surviving forms, could have produced a lag of not more than 3 hours. This calculation takes into account the normal lag of 1 hour which is found when the streptococcus is grown in boiled milk. Thus, if we take the curve after the lag period and extrapolate it to zero time, as indicated by the dash line in Fig. 1 , we find that ff the surviving bacteria were grown from a single resistant organism this organism was not produced until the 5th hour.
The findings justify us in concluding that mastitis streptococci become adapted to the inhibitory agent. Further proof of this conclusion is given by Experiment 3 in which bacteria surviving the lag period are found to grow rapidly, without lag, when placed in fresh milk. From Fig. 3 it will be seen that mastiffs streptococci removed from milk cultures after various periods of incubation and placed in fresh milk behave much as if they had been left in the original culture. The 4½ hour sample had not reached the period of rapid growth and showed a short lag in fresh milk. The streptococci removed after rapid growth showed no lag.
The results of the experiment cited raise the question as to what would occur if the bacteria were frequently placed in fresh milk during the period of incubation. This was tested in Experiment 4, the conditions of which resemble in some respects those found in the udder. In this experiment a milk culture of mastiffs streptococci was diluted 1:5 with fresh (pasteurized) milk each 1½ hours. The tabulated bacterial count (B) is corrected for the dilution (D) so that the numerical value of BD/625 represents the bacteria per cc. for all cultures, on the basis of the dilution in the last culture. Fig. 4 shows that in spite of changing the milk each 1½ hours, the streptococcus develops a resistant type in 6 hours, whereas a lag of 4 hours occurred in the control tube the milk of which was not changed. As a result of the repeated additions of milk there was approximately a 25 per cent mortality among the streptococci. When the experiment was performed with boiled milk as a medium, rapid multiplication took place in spite of the frequent dilutions.
It has been shown * that scarlet fever streptococci die in milk. Their numbers gradually decline during the first 24 hours and finally the milk becomes sterile. The fact that the effect is not one of lysis is readily determined by microscopic examination, since intact streptococci may be demonstrated in the milk. It would seem that the action of milk against both the bovine and the scarlet fever streptococcus involves a factor which prevents multiplication. In the case of the mastiffs streptococcus cell division is prevented for a time but a resistant type that is capable of multiplication develops. The scarlet fever streptococcus is unable to produce resistant forms and hence perishes.
Experiment 5, in which we attempted to adsorb~ the substance with large numbers of dead or living streptococci, indicates that Jones, F. S., J. Exp. Med., 1928,47, 965, there is no specific union between bacterial cell and the substance, since the inhibitory character of the milk was not diminished by such treatment. It seems probable that the substance is one preventing multiplication of bacterial cells and is not notably toxic in itself. SU'~A.RY The data here presented indicate that the inhibitory principle affecting the growth of streptococci in milk is not greatly utilized during the lag phase and that the abrupt termination of lag is not due to the utilization of the principle. They further indicate that the sudden beginning of growth cannot be ascribed to a resistant type of streptococcus present in the culture from the first, but to an adaptation occurring during the lag phase. The addition of large numbers of dead or living streptococci to milk, for limited periods, fails to diminish appreciably the inhibitory, principle.
